Abstract Background: The aetiology of autism is unclear and autistic symptoms had been attributed to an abnormal functional imbalance in neurotransmitter amines such as dopamine, noradrenaline and serotonin.
Introduction
Autism is a complex neurodevelopment disability that is usually diagnosed before the age of three years. It is characterised by deficits in social reciprocity and in language skills that are associated with repetitive behaviours and restricted interests [1] . It affects more males than females [2] .
Essential amino acids cannot be made by the body, but must be obtained in the diet. One of the problems identified with autism is a digestive system that cannot fully break down all proteins into its basic components, the amino acids and the body will only use amino acids to make systemic protein. This means that many necessary amino acids are unavailable to make systemic proteins such as metallothionine (MT) [3] .
MT is a biologically essential protein that has shown to be heavily involved in the metal regulation of zinc and copper as well as the chelating of toxic metals such as cadmium, mercury and lead. MT proteins also assist in immune function, neuronal development, heart protective, brain cell protective, involved in liver cell proliferation, the absorption of nutrients in the small intestine, the breakdown of certain dietary proteins, cellular respiration, neuronal development, and energy metabolism and have antioxidant properties. Studies showed that MT could not function properly in autistic children, although it is still unclear whether this is due to genetic factors or simply low levels of MT in the body [4] .
A recent study found increased plasma levels of the neuroexcitatory amino acids (as glutamic and aspartic acids) in children with autism [5] . Croonenberghs et al. 2002 found significantly increased concentrations of total serum proteins (TSP) in autistic subjects, which were attributable to increased serum concentrations of albumin and gamma globulin [6] . A study of Saudi autistic children found increased levels of ammonia and marked reduction in urea concentration [7] .
Subjects and methods

Study population
This cross sectional case-control study was conducted on twenty autistic children 19 males (95%) and one female (5%). Their age ranged 2-7 years, (mean age 4.65 ± 1.67 years) diagnosed by DSM-IV-TR [8] and ICD-10 [9], they were graded by childhood autism rating scale (CARS) [10] . They were recruited from two clinics; the child and adolescent Psychiatric clinic, Children's Hospital, and the Institute of Postgraduate Childhood Studies, Ain Shams University, Cairo, Egypt from February 2012 to July 2013. Autistic patients were compared to twenty healthy age-and sex matched non autistic children (9 males and 11 females) serving as controls. Their mean age was 4.65 ± 1.67 years (range: 2-7 years). They were recruited from the Paediatrics' Outpatient Clinic of the same hospital. The work has been carried out in accordance with the code of Ethics of the World Medical Association (Declaration of Helsinki) for experiments involving humans. Parents of all subjects were informed of the aim and methods of the study and signed a written consent. Also approval of the ethics committee -of the university was taken.
Methods
All participants were subjected to:
-Thorough history taking with special emphasis on perinatal, developmental, vaccination, and neurological history. Thorough clinical examination with special emphasis on neurological examination. -Evaluation of autism in autistic children by the Diagnostic and statistical manual of mental disorders 4th edition DSM-IV-TR for diagnosis of autistic disorder [8] . Laboratory investigations included:
1. Estimation of amino acids, urea and ammonia by high performance liquid chromatography (HPLC). Morning fasting blood samples were taken into 4.5-ml lithium heparin vaccutainer tubes and centrifuged at 2003g for 15 min to obtain platelet-rich plasma. The plasma was decanted and stored at 220°C until analysis [12] . 2. Proteins electrophoresis showing: total serum proteins, albumin, alpha, beta and gamma globulins [13] .
Statistical analysis
The data were coded, entered and processed on computer using SPSS (version 15). The level P < 0.05 was considered the cut-off value for significance. Data are presented as median and range for continuous variables and as count and percentage for categorical variables. Groups of patients and controls were compared using Fisher's exact test for categorised variables and using Mann-Whitney U test for continuous variables. Spearman's correlation coefficient: used in Correlation between CARS, IQ and other measured parameters.
Results
In autistic children, Intelligence Quotient (IQ) in 10% of them was moderate mental retardation (MR), 75% had mild MR and 15% has below average IQ. As regards CARS 20% were mild autistic, 15% were moderate autistic and 65% were severe autistic and all our patients were positive for ICD10. So, there was a significant negative correlation between IQ and CARS (P < 0.0001). Although in the control group 15.4% had below average IQ, 46.2% had normal IQ and 38.5% had above average IQ, they all were in non-autistic range as regards CARS and all were negative for ICD-10 Fig. 1 .
As regards essential amino acid levels, autistic children had significantly reduced levels of leucine, isoleucine and phenylalanine than controls (P < 0.05), while there was statistical nonsignificant decreased level of tryptophan, valine, threonine, arginine, lysine and histidine (P > 0.05). In sulphur containing amino acids there was significant decreased level of methionine and cystine (Tables 1 and 2) .
As regards non-essential amino acid levels, phosphoserine is significantly raised in patients than controls (P < 0.05). All autistic children had reduced levels of hydroxyproline, serine and tyrosine than controls (P < 0.05). While there was statistical non-significant decreased levels as regards taurin, asparagine, alanine, citrulline, GABA and ornithine (P > 0.05). Also there was statistical non-significant increased level of glycine and glutamic acids (P > 0.05) ( Table 3 ).
There was no statistical significant difference between cases and controls as regards the levels of urea, ammonia, total proteins, albumin, alpha 1, alpha 2, beta, gamma globulins and albumin/globulin ratio (using protein electrophoresis) (P > 0.05) ( Table 4) .
In our study the higher the CARS score the lower level of some essential amino acids was explained by a significant negative correlation between CARS and leucine (p = 0.002), isoleucine (p = 0.02), phenylalanine (p = 0.003), methionine (p = 0.001), cysteine (p = 0.003), serine (p = 0.002) and tyrosine (p = 0.01) ( Table 5 ).
Discussion
Autism spectrum disorders (ASD) are common complex neurodevelopmental conditions. Diagnostic criteria for these conditions have traditionally relied solely on behavioural criteria without consideration for potential biomedical underpinnings [1] .
In the present study all autistic children had lower IQ than in controls, 75% of them were mentally retarded with their IQ range of 50-70. This is in agreement with Bolte et al. [14] who found autistic children to have lower IQ than controls using WISC. Also Nelson [15] found that the majority of autistic children (approximately 67-88%) are definitely mentally retarded with their IQ usually below 70.
In the present study all autistic children had high scores of CARS (more than 30).The same was also reported by Pilosky et al. [16] .
In the current study there was a significant negative correlation between IQ and CARS (correlation coefficient 0.74) p < 0.0001. Mclnne et al, [17] also reported that the severity of mental retardation was seen in most of their severe cases of autism.
As regards essential amino acids in our study there was a significantly lower level of leucine, isoleucine and phenylalanine in autistic children than controls. The decreased phenylalanine level may lead to lower concentrations of catecholamines such as dopamine, adrenaline, and noradrenaline, with subsequent effects on behaviour. This is in agreement with another study which demonstrated deficiencies of leucine, isoleucine and phenylalanine in autistic children [18] . On the other hand Aldred et al. [19] and Alam et al. [20] demonstrated that autistic children, their siblings and parents had raised level of phenylalanine, these results show that autistic children come from a family background of dysregulated amino acid metabolism. In our study serum tryptophan level was non-significantly decreased in cases than controls. This comes in agreement with the study done by Moreno-Fuenmayor et al. [5] .
On the other hand Hoshino et al. [21] demonstrated significantly higher levels of plasma free tryptophan in autistic children than in normal control subjects. These findings suggest the presence of some defects in the metabolism of tryptophan in the brain of autistic children and needs further studies.
As regards sulphur containing amino acids, in the present study there is a significantly lower levels of methionine and cysteine levels in all autistic children than controls. This is in agreement with Johns et al. [22] who found that autistic children had significantly lower baseline plasma concentration of methionine and cysteine than in control children. Also Geier and Geier [23] confirmed our results. This may be due to the The amino acids are measured by micro mol/L, H. Proline = hydroxyl proline, NS = non significant, S = significant. malfunction of the digestive system in autistic children including leaky gut and food allergies due to low levels of sulphur [23] .
In the present study the non-essential amino acids as phosphserine, glutamic acid and glycine were significantly increased in cases versus controls as well as decreased levels of the rest of non-essential amino acids especially hydroxyproline, serine and tyrosine in patients than controls. The same was also reported by Zavala et al. [24] and Moreno-Fuenmayor et al. [5] as they found that there was a significant difference between patients and controls regarding the levels of glutamic acid which was significantly higher in patients than controls.
In the present study there was a significant negative correlation between CARS and some of the decreased amino acids such as leucine (p = 0.002), isoleucine (p = 0.02), phenylalanine (p = 0.003), methionine (p = 0.001), cysteine (p = 0.003), serine (p = 0.002) and tyrosine (p = 0.01) so the higher the CARS score the lower level of these amino acids. This was Confirmed by Adams et al. [25] who found in most of autistic cases the lower amounts of essential amino acids were correlated with more severe autistic features.
In our study there was no statistical significant difference in protein electrophoresis results between cases and controls as regards the levels of total proteins (p = 0.49), albumin (p = 0.54), alpha 1 globulin (p = 0.22), alpha 2 globulin (p = 0.54), beta globulin (p = 0.51), gamma globulin (p = 0.64) and A/G ratio (p = 0.58). Both cases and controls had normal levels. On the other hand Croonenberghs et al. [6] found significantly increased concentrations of TSP in autistic subjects, which were attributable to increased serum concentrations of albumin and gamma globulin. Serum IgG, IgG2 and IgG4 were also significantly raised. Also in their study, there were significant and positive correlations between social problems and TSP and serum gamma globulin and between withdrawal symptoms and TSP and serum albumin and IgG. The controversy between our and their results may be due to small sample size or limitation of the study. This issue needs more studies as no more researches concerning this issue were found.
Abu Shmais et al. [7] in a study of Saudi autistic children found increased levels of ammonia and marked reduction in urea concentration in contrary to our results where ammonia and urea levels were normal. This controversy may be due to limitation of our study or small sample size and also need more researches to discuss it.
In conclusion, autistic children may have dysregulated amino acids metabolism as all amino acids except for glutamic acid, phosphoserine and glycine are decreased in patients than in control; the raised glutamic acid may suggest involvement of an altered glutamate transporter and is consistent with a biochemical basis for autistic disorders. Also, the lower amounts of essential amino acids are correlated with more severe autism. 
